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Typical work-flow in data analysis
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Dimensionality reduction
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256.4386 ! 414 0823 005 1739273 100137 -0,018473712 353E-04 0,015201
14035 0.6308 021 145809 100145 155605 -/17E-06  -392E-05

Soutenance de thése de Christophe Bécavin 6 Décembre 2010




Applications of dimensionality
reduction techniques

Alter et al., PNAS, 2000
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Reconstruction weights
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Bécavin et al., Expert Review of Molecular Diagnostics, 2011
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Principal Component Analysis

In many physical, statistical, and biological investigations it is desirable to
represent a system of points in a plan, three, or higher dimensioned space
by the "best-fitting" straight line or plane

K. Pearson, Philosophical Magazine, 1901
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Different measures for different linear
dimensionality reduction techniques

Covariance (PCA): Euclidean distance (Classical scaling):

CovMatrix = % XX

Correlation (PCCA): Chi-square distance
(correspondence analysis):

with Hzl—%llt,and 1=(LL--1)

~ X i
X =|—
(0(1))
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Singular Value Decomposition

e s >s, >--->s . >0

Inner product matrix Outer product matrix
XX' = UAU' X' X=VAV'
It is easy to demonstrate that inner and outer 5
product matrices have the same eigenvalues, g = i

which are linked to singular values L L
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PCA

search for the “best-fitting” line

From line to curve:
Non-linear PCA

Non-linear PCA

search for the principal curve
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Isomap

Tenenbaum et al., Science, 2000

Locally Linear Embedding

Roweis et al., Science, 2000
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A great diversity of results given by each
dimensionality reduction technique

LLE k=20, com =0 3002

J

Y

Kersel PCA, poly, cors = 0 5484

-~
e el
e

LLE k=12 corr=0 4198

Soutenance de thése de Christophe Bécavin

MDS, conr = 05891

HLLE k=20 corr =0 3454

i

Deffawos s, corr = 0 005498

Tocenap, k= 20, coay = 0 7475

b7
,»..' {

LTSA k=20 cor=0 638

-

’

Ao encolie REM. cors = 0.6904

Onpmal data N = 2000

LLE k= 12, corr=0 7148
LY
pecgl

2

3

Kermal PCA. paly. cour = 07376

iy

» —-«-'ﬁ‘

%&u

LLE k=12 coer =0 8261

MDS, cors = 0.7629

p\

h

HLLE k=12, corr 0.966)

lomap k=12, cogr = 0.9752
A .
& &

LTSA k=12 com=09652

Auto encoder REM, corr = 0.5676

Isomap. k=12, coor = 00095
2 5
- —‘.J;f
*:,i_.
i.,Hi—

LTSA k=12 corr =0 POSE

&%

Tsai F, Journal of Artificial Intelligence, 2010

6 Décembre 2010

13



Multidimensional Scaling

using Molecular Dynamics approach

-Each pair of points connected
by a spring:

- Calculation of force for all
points (non-conservative system):

F(X') =D Fonnglx', X )= - mass- X'

k=i

-Find new position of all points
using Newton equation,
and Verlet integration:

mass- X' = F(x') Stress =

2. 2.,di )
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Multidimensional Scaling initialized by
Singular Value Decomposition

MDS using Spring analogy
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Comparison of different initialization
strategies
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SVD-MDS
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Adding stochasticity to avoid local minima ?
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Entourage parameter
for evaluating local deformation

Dimensionality

reduction

with

and [CE nk
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SVD-MDS

The use of SVD is the best initialization strategy for
\IDRK

Iterative dimensionality reduction does not improve the
optimization;

Adding stochastic also does not improve the process;

Using parameter for local change assessment we prove
that our representation is generally more accurate than
the one obtain with our other MDS algorithm.

Bécavin et al., Bioinformatics, Submitted
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Gene expression and Pathway structure integration
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Retrieving and curation of pathways:
List of species and list of reactions

SIMPLE_MOLECULE
SIMPLE_MOLECULE
PROTEIN
SIMPLE_MOLECULE
SIMPLE_MOLECULE
PHENOTYPE
PROTEIN

PROTEIN

PROTEIN

PROTEIN

PROTEIN

10N

ION

Actin polymec5
B7

cD28

CD4as

CDas

CRAC

Car2+

inside
ide

inside
transmembrane
transmembrane
transmembrane
transmembrane
transmembrane
inside

inside

insi

XML file downloaded from PANTHER

P01332
$01851
501851
Actin polym«U02632
B7 P01337
CD28 P01313
CD4as P01329
P01329
P01328
U02631
U02631
U02631

Synonym not specified ADP
Synonym not specified ADP
PKB,Protein Kinase B Akt
Synonym not specified ATP
Synonym not specified ATP
Synonym not specified Actin polyme
Synonym not specified B7
Synonym not specified CD28
Leukocyte common antig CD45
Leukocyte common antig CD45
Synonym not specified CRAC
Synonym not specified Ca++
Synonym not specified Ca++

HETERODIMER_ASSOCIATION r100
HETERODIMER_ASSOCIATION r101
DISSOCIATION rl02
TRANSPORT rio3
HETERODIMER_ASSOCIATION r104
STATE_TRANSITION r10s
STATE_TRANSITION r106
STATE_TRANSITION r107
DISSOCIATION r110
DISSOCIATION ri1l
HETERODIMER_ASSOCIATION rl112
HETERODIMER_ASSOCIATION r113
DISSOCIATION riia

ri1s

5406,5204,5411,5309,
5490,5415,

5425,5330,

5442,

5461,5482,
5419,5455,
5282,5281,
5335,

5419,5408,5485,5484,54 5471,

s471,

5477,5485,5484,

5498, 5344,

[ wpe [ id [ reactants [ products | modifiers | reversible |

false
false
false
false
false
false
false
false
false
false
false
false
false

Reactions list for each pathway
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Obtaining the list of reactions

5-Hydroxytryptamine (serotonin)

re1

Monoamine Oxidase
[0

5-Hydroxyindoleacetaldhyde
[0

re2
-Hydroxyindoleacetic Acid

H
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Association of all species to their probes
67% (908/1345) of proteins associated

Probes list Species list

Probes versus species association
from panther from panther

class | id | | Probe_ID | Species associated |Gene syrnbol| Gene_Name | Panther_Family_Name | Panther_Subfamily Name| Panther_Function | Panther. onceil
SIMPLE_MOLECULE s482 ADP 248820 Actin ACTC actin, alpha, cal ACTIN null Actin and actin relat Cell structure | Exof
SIMPLE_MOLECULE 5305 ADP 696998 Actin LOCca40888  null ACTIN ACTIN-LIKE PROTEIN 3, ACL: Actin and actin rela’ Cell structure | Mit,
PROTEIN $425 AKT 10693438 Actin ACTR2 ARP2 actin-rela ACTIN ACTIN-RELATED PROTEIN 2, Actin and actin rela’ Cell structure | Mit
SIMPLE_MOLECULE 481 ATP 199711 ADAM10 ADAM10 ADAM metalloj ADAM (A DISINTEGRIN £ ADAM 10 M | PiProteol
SIMPLE_MOLECULE s304 ATP 212988 ADAM10 ADAMI10 ADAM metalloj ADAM (A DISINTEGRIN £ ADAM 10 M | Pi Proteolysi:
PHENOTYPE Actin polyme 141207 SLC25A6 solute carrier f: MITOCHONDRIAL CARRI ADP,ATP CARRIER PROTEIN Transporter;Transfe Nucleoside, nucle,
PROTEIN B7 226681 SLC25A31 solute carrier fe MITOCHONDRIAL CARRI ADP,ATP CARRIER PROTEIN Transporter;Transfe Nucleoside, nucle;
PROTEIN cD28 113928 Adenine phosphoribosyltransferas APRT adenine phosp null null null null
PROTEIN 169183 Adenomatous Polyposis Coli APC adenomatosis j ADENOMATOUS POLYPC ADENOMATOUS POLYPOSIS Microtubule family Intracellular signal
PROTEIN 173633 Adenomatous Polyposis Coli APC2 adenomatosis | ADENOMATOUS POLYPC ADENOMATOUS POLYPOSIS Microtubule family Intracellular signal
PROTEIN 100892 adenosine kina SUGAR KINASE RELATED ADENOSINE KINASE Kinase |Nucleotide Nucleoside, nucle
119977 Adenosine deaminase adenosine deal ADENOSINE D SEADENOSINE Deaminase | Hydrol: Nucleoside, nucle
130012 Adenosine deaminase adenosine deai ADENOSINE DI EADENOSINE RE Deaminase| Hydrol: Nucleoside, nucle
162894 Adenosine deaminase adenosine deal ADENOSINE D! SEADENOSINE RE Deaminase| Hydrol: Nucleoside, nucle,
183103 Adenosine deaminase cat eye syndror ADENOSINE DEAMINASE CAT EYE SYNDROME CRITIC# Deaminase| Signalit Developmental ps

adenylosuccinz ASPARTATEAMMONIA/4 ADENYLOSUCCINATE LYASE Other lyase|Lyase Nucleoside, nucle|

adenylate cycls ADENYLATE AND GUANY ADENYLATE CYCLA PE V Lyase | Cyclase | Ade Nuc

1

1
Get | already associated probes

\
\
\
R4

Get species not associated from this pathway

Probe Panther|Probe PathwayAnal

101444 NF_kappa_B Nuclear fact NFKB2 nuclear facto ANKYRIN REPEAT-CON NUCLEAR FACTOR NF-KAPF Other transcriptior Oncogene | Intrac
102071 102071 TCRbeta TCRbeta null null T-CELL RECEPTOR BETA T-CELL RECEPTOR BETA CH. Immunoglobulin r Immunity and de

102086 null null null null null null null null null
102438 102438 Vav Vav VAV1 wvav 1 oncogel DBL RELATED VAV1 G-protein medulat Calcium mediate
null null null LOC441971 null PHOSPHATIDYLINOSIT PHOSPHATIDYLINOSITOL 2 Kinase| Other kina Intracellular sigr
102968 Ras Ras Rat Sarcomz KRAS w-Ki-ras2 Kirs' RAS-RELATED GTPASE RAS G-protein|Small G Oncogene| Intrac
103666 Ras Ras Rat Sarcoms NRAS neuroblastor RAS-RELATED GTPASE RAS G-protein|Small G Oncogene| Intrac
null null PIK3CD phospheoinos PHOSPHATIDYLINOSIT PHOSPHATIDYLINOSITOL 2 Kinase| Other kina Intracellular sigr
104387 PAK PAK P21 activate PAK2 P21 (CDKN1A) MAPKK-RELATED SERIN P21-ACTIVATED KINASE, P/ Kinase| Protein kir Protein metaboli
Rac Ced-10@Rac null null RAS-RELATED GTPASE RAC GTPASE G-protein|Small G Cell surface rece
105711 JNK INK C-Jun N-terrr MAPKE mitogen-acti' CDC2-RELATED KINASE JNK Protein kinase| Kir MAPKKK cascade|
null null GRAP2 GRB2-relatec SH2 DOMAIN ADAPTOI GRB2-RELATED ADAPTOR I Transmembrane re Cell surface rece
Rac Ced-10@Rac RAC1 ras-related C RAS-RELATED GTPASE RAC GTPASE G-protein|Small G Cell surface rece
null null ZDHHC16 zinc finger, D ZINC FINGER DHHC DC null Miscellaneous fur Biological proces
CcDa2g CcDas CcDage CD28 antigen CYTOTOXIC T-LYMPHO( T-CELL-SPECIFIC SURFACE | Immunoglobulin r Immunity and de
Tyrosine phosphata Protein-tyro: FTPRC protein tyros PROTEIN-TYROSINE P+ RECEPTOR PROTEIN TYROS Protein phosphatz Cell communicat

108546 null null null null null null null null
108931 nu nu nu CD3Z antigen T-CELL SURFACE GLYCC null Receptor;Defense, Intracellular sigr
111111 nu nu RYANODINE RECEPT! 1 RIS Sk Other ligand- cium mediate

> o ANKYRIN REPEA " T -
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Different types of networks that can
[DECOUISHIICTIEEL

Selection of species and reactions —> Nodes and edges of the network

File SetPreferences Initialization Curate SpeciesVSprobes file

cone @M L CICIE

[ PackageExplorer I pecie [ List of Pathways | (] Probes vs Species| (] Correction Name of species

(= Pathway network Species Class X Y expr

= am PROTEIN
2::::::::250031:@ results 2.t Receptar, PROTEIN ' ' ' firay20
Cytokine Receptor PROTEIN
ComplexhormengReceptor; COMPLEX . | 1 Green
Complexbeta-Catenin;Cadherin; COMPLEX X L L Green
pl20;Cadherin; COMPLEX X | J Green
Complex; Cytokine Receptor, Cytokine: COMPLEX I { A Green
Myosin PROTEIN 1 y A Red
hormone PROTEIN ! | A Gray20
Cytokine PROTEIN ! . A Gray20
PROTEIN

Automatic association results rel
Automatic association results rel
Automatic association results.bd
FrancoisKavier file

Histerique des modifs species n:
Images

ARRAIRFER T

3

Mouveau document texte (2).bet
Mouveau document texte.tet

=

Mouveau document textedcoxcx
= Pathwaylnfo
PathwayMetworkBuildScript
= PathwayMetworkslava

Complexbeta-Caten pha-Catenin;Cadherin; OMPLEX
Complex;Myosin;Actin; COMPLEX
Histones PROTEIN
ComplexJAK; Cytokine Receptor, Cytoking COMPLEX
= PethwayResultPajek Growth Factor PROTEIN

PathwayVsProbes Interleukin PROTEIN
= PathwayXML PROTEIN

Probe_vs_species file creation.ba
(= RessourceFiles

RN A

Phosphodiesterase PROTEIN
ComplexINF_gamma_ Cytokine Receptor COMPLEX

Get colors of reactions

Finished: Ma0 reading and parsing
Uninclude the selection of species
Uninclude the selection of species
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Different types of networks that can
[DECOUISHIICTIEEL

Complex;Wiskott-Aldrich s Multiple pathways species T cell activation
f Q DNA ion Cax
| complex;3HP-1;CD22;

Naked | : Over

network LY E: Represented
' 4 b - pathways

LogQ

Gene
expression

Soutenance de thése de Christophe Bécavin 6 Décembre 2010 28



Index

* Review of dimensionality reduction techniques
* SVD-MDS

» Pathway network analysis software

* 1st Application: Cerebral Malaria characterization

« 21 Application: Treg characterization

Soutenance de thése de Christophe Bécavin 6 Décembre 2010

28



Cerebral Malaria characterization using
auto-antibodies and Cytokines

IgG Autoantibody to Brain Beta Tubulin Il Associated with
Cytokine Cluster-II Discriminate Cerebral Malaria in Central India

Liver stage development
- 10*-10°

Schlm it
releasing

Mosquito salivary i : Liver
® D. Bansal, F. Herbert, P. Lim1, P. Deshpande, C. Bécavin,...
..., A. Benecke, S.Pied., PLoS ONE, 2009

gland infection

Hemolymph
Salivary gland invasion

Mosquito
midgut
infection

blood stage
replication
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We have defined a multitude of gene sets
(signatures) specific to each biological condition

Peripheral blood:

* aTreg (activated Treq) TCnOT’:;’gVS
CD4+CD25hiCD127-CD45RA-HLADR+

* cTreg (cytokine emiter Treq)
CD4+CD25hiCD127-CD45RA-HLADR-
* nTreg (naive Treq)
CD4+CD25hiCD127-CD45RA+HLADR-
e Tconv

CD4+CD25-CD45RA+HLADR-

Tconv vs aTreg

Cord Blood:

* nTreg (naive Treq)
CD4+CD25hiCD127-CD45RA+HLADR- TeonvCB vs nlregCB
* Tconv
CD4+CD25-CD45RA+HLADR-
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Representation (in correspondence basis) of the different
Treg subsets for the different signatures constructed

D2 nTreg_HBOOH6I
[ ]

D2_cTreg_HBOOH3D D5_Teonv_HBOOHE5
D3_nTreg_HBOOH1Q ™ -
)
D2_Tconv_HBOOH6B  D4_Tconv_HBOOH39 D1_Teonv_HBOOHBE
° D7_nTreg_HBOO7YA @ D7_Tconv_HBOO7XY
[
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FOXLF a new transcription factor !

probe ID: |164328 species: |h.sapiens technology: Iapplied biosystams # HGS V2 annotation file: |Applied_Human_092006.zip

i hCG33270.2

ve Probes: none

30

Status: currant

Entrez Gene ID: 344167

Celera Gene ID:

Ensembl GenelD: ENSG000001720735
UniGensa ID: H 43584

Gene_Symbol: LOC344167

Gene_Narne:

Chromosorne_Nurmber:

Gene Boundary:
Cytoband:

Target CTs:

Proteins of Target CTs (CPs):

Target RefSeqs:

Proteins of Target RefSeqs (NPs):
Target_MGC:

Target_GenBank_rmRMA:
Target_GenBank_CDS:

Target_Ensermbl: EMSTOO000303271
Target_EST: null
Target_Other: null

1.0000

GO _Biological_Process: GO0006355 requlation of
transcription, DNA-dependent

GO_Molecular_Fundction: GO 0003700:transcription factor

G2 _Cellular_Component: S634:inuceus

EC: rull

Panther_Family_Mame: FORKHEAD PROTEIN/ FORKHEAD
PROTEIN DOMAIN

Panther_Subfamily_Name: null

Panther Function: Other transcription factor;Nucleic

Tconv CordBlood  Treg CordBlood acid binding| Transcription factor

| | Parther Process: Anterior posterior

— patterning;Developmental
o
processes|Call

cormmunication;Sensory

=
(o]
=]

perception|rmRMA transcription
28

b |] 0.8019

|export|
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Search of the most representative
pathways

Tconv VS nTreg

Multiple pathways species T cell activation
Apoptosis signaling pathway DNA replication

p53 pathway Cadherin signaling pathway
Interleukin signaling pathway
Inflammation mediated by chemokine and cytokine signaling pathwa

Log of fold-change

Tconv VS aTreg

Soutenance de thése de Christophe Bécavin 6 Décembre 2010 36



Conclusion-perspective

SVD-MDS: New MDS algorithm which is accurate and
computationally efficient.

New dimensionality reduction methods for the representation of high dimensional "omics" data. C.
Becavin, A. Benecke. Expert Review of Molecular Diagnosis, will appear January 2011

Molecular dynamics multidimensional scaling initialized by singular value decomposition leads to
computationally efficient analysis of high dimensional data. C. Becavin, N. Tchitchek, C. Mintsa-Eye, A.
Lesne, A. Benecke submitted to Bioinformatics

Software developed for gene expression and Pathway
structure integration

Three different applications to biology

IgG autoantibody to Brain beta Tubulin III associated with cytokine Cluster-II Discriminate Cerebral
Malaria in Central India. Bansal D, Herbert F, Lim P, Deshpande P, Becavin C, Guiyedi V, de Maria I,
Rousselle JC, Namane A, Jain R, Cazenave PA, Mishra GC, Ferlini C, Fesel C, Benecke A,Pied S. Plos One
4(12) (2009)

HMGAIl-dependentand independent 7SK RNA gene regulatory activity. Sebastian Eilebrecht,
Christophe Becavin, Helene Leger, Bernd-Joachim Benecke, and Arndt Benecke. RNA Biology, In press.

Publication of the results of the study on Treg subsets with Lars Rogge..
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Example of applications of
dimensionality reduction techniques

(b) Elgesarrays |e] Bxpressicn Level

Gene Correlation with |7v:)

Array Correlation with |og)

Array Correlazion with |ay) Gene Correlacion wich

Alter et al., PNAS, 2000
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General view on linear analysis
and new developments

Orthogonality T Independence
(e.g.:PCA, Factor Analysis) (i.e.:Independent Component Analysis)

Decoster, 1998
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Etfect of noise

Original data. N = 2000 MDS, corr = 0.8058 Isomap, k = 12, corr = 0.6568 Data with 10% noise MDS. corr = 0.6839 Isomap, k=12, corr=0.6779

se . W »

LLE k=12 comr~0.659 HLLE k=12 corr 0.715 LTSA k=12, corr=0.8038
LLE k=12 cormr=0.5072 HLLE k=12 corr 0.9632 LTSA k=12 corr= 09638

—

k.

Diffusion maps, corr = 0.5791 Auto encoder RBM, corr= 0.5171

Kemal PCA_ poly, corr =0.3942 Daffusion maps, corr = 0.6288 Auto encoder RBM. corr = 0.6911

S
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A great diversity of results given by each
dimensionality reduction technique

LLE k=20, com =0 3002

J

Y

Kersel PCA, poly, cors = 0 5484

-~
e el
e

LLE k=12 corr=0 4198
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MDS, conr = 05891

HLLE k=20 corr =0 3454

i

Deffawos s, corr = 0 005498

Tocenap, k= 20, coay = 0 7475

b7
,»..' {

LTSA k=20 cor=0 638

-

’

Ao encolie REM. cors = 0.6904

Onpmal data N = 2000

LLE k= 12, corr=0 7148
LY
pecgl

2

3

Kermal PCA. paly. cour = 07376

iy

» —-«-'ﬁ‘

%&u

LLE k=12 coer =0 8261

MDS, cors = 0.7629

p\

h

HLLE k=12, corr 0.966)

lomap k=12, cogr = 0.9752
A .
& &

LTSA k=12 com=09652

Auto encoder REM, corr = 0.5676

Isomap. k=12, coor = 00095
2 5
- —‘.J;f
*:,i_.
i.,Hi—

LTSA k=12 corr =0 POSE

&%

Tsai F, Journal of Artificial Intelligence, 2010
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Chromatin during transcription

Bécavin et al., Biophysical Journal, 2009

w— Polymerase Reversomes

Megative

w— (ondensed fiber wma nucleosomes

’ Boundaries
of the loop

X

Reversome front
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Tconv VS nTreg Tconv VS nTreg

Multiple pathways species T cell activation
Apoptosis signaling pathway DNA replication
p53 pathway Cadherin signaling pathway
Interleukin signaling pathway
Inflammation mediated by chemokine and cytokine signaling pathway
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Treqg purification using FACS

CD4+CD25HI . T
: D45RA-HLADR+ .
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